OBJECTIVE: Delirium is frequent in elderly hospitalized patients. Many studies have examined its risk factors, but results have been quite variable. Thus, the goal of this study is to identify through systematic literature review the risk factors associated with the development of delirium in hospitalized geriatric patients.
elirium is commonly defined as a transient organic mental disorder characterized by acute onset, altered level of consciousness, fluctuating course, and disturbances in orientation, memory, attention, thought, and behavior. [1] [2] Etiologic factors for delirium are numerous and include systemic medical illness, metabolic disorders, toxic effects of medications, and a host of other illness and environmental stressors. 1 It is common in both elderly medical and surgical patients 1, 2 and is associated with an increase in mortality, morbidity, rate of admission to long-term care institutions, and length of hospitalization. 3, 4 Delirium is often not recognized, [5] [6] [7] and intervention benefits to date have shown to be limited. [8] [9] [10] Thus, prevention through identification of a high-risk group is indicated.
Many studies have identified different risk factors for delirium 1, 11 ; predictive risk models have been developed for both surgical and medical patients. 12, 13 Inconsistent results in the above studies, however, make it difficult to draw conclusions. For example, the presence of dementia was found to be a risk factor in most studies, 2,11-13 but other risk factors such as anticholinergic medications, laboratory abnormalities, and psychiatric disorders, commonly believed to increase the risk of delirium, have shown conflicting results. 1, 11, 12 This may be due to varying methods for detection of delirium and identification of risk factors. Also, different risk factors may be particular to the surgical, medical, or psychiatric geriatric population. No study so far has specifically reviewed this literature. Thus, the goal of the present study is to identify the risk factors associated with the development of delirium in hospitalized surgical, medical, and psychiatric geriatric patients through a systematic selection of original research studies, assessment of their validity, and examination of their results
METHODS

Selection of Articles and Data Abstraction
The selection of articles involved three steps. First, MEDLINE was searched with the use of the key words "delirium," "risk factors," and "aged" for all relevant research articles published between January 1966 and December 1995. This was updated by the CURRENT CONTENTS data-base up to December 1995. Second, we identified additional references from the bibliographies of relevant articles. Finally, all the articles were independently screened by two different investigators to meet the following five inclusion criteria: (1) original research in French or English, (2) prospective study, (3) patients over age 50, (4) minimum of one risk factor identified, (5) accepted definition of delirium. Checklists of the inclusion criteria were used for discussion of the results of the screening process and to determine articles to be included in this review.
Each selected article was systematically reviewed by one author using a checklist to outline the following information: type of study, setting, service, type of cases (incident or prevalent), sample size, age range or mean, gender, place of living, number of case and control subjects, exclusion criteria, and criteria used for the definition of delirium.
Study Quality Assessment
One limitation of systematic review is often the lack of a quality assessment of studies included in the review. 14 Because the validity of the estimate of effect sizes depends on both the combinability and the methodologic quality of selected studies, quality assessment is of primary importance. 15 Because a review of the literature did not yield a quality assessment scale for studies examining risk factors, we developed such a scale (Appendix A). This scale is derived from the work of Squires, Prendiville, and Macarthur. [15] [16] [17] It controls for selection bias at entry and after entry, for assessment bias, and for statistical analysis. Each of its eight questions can be rated 2 (complete answer), 1 (partial answer), or 0 (absent) for a maximum score of 16. Each individual selected article was rated with this scale by three different authors. The intraclass correlation coefficient was calculated to assess the interrater reliability. For each study, the average score of the three raters was used as the quality score of the study.
Risk Factor Analysis
All selected articles were screened with a checklist to identify the risk factors studied. Because the statistical analysis varied between studies, the reviewers relied on the reported statistics (odds ratio [OR] , relative risk, p values, or others). Risk factors were reported to have a positive correlation or no correlation to the development of delirium and were then tabulated. Comparison of these results provided the qualitative analysis.
A quantitative analysis was done for each risk factor when original data (number of case and control subjects exposed to the risk factor) could be obtained from two or more studies. Unadjusted ORs were calculated from the original data to standardize the results (adjusted OR was often present, but could not be used because it had been adjusted for different variables in different studies). A combined Mantel-Haenszel OR was then calculated. 18 
RESULTS
Articles Selected and Data
We obtained 101 studies from the online and crossreference search. Only 27 met all the inclusion criteria (Table 1) . Nine were done on surgical patients, 12,19-26 11 on medical patients, 13,27-36 2 on a mixed population of medical and surgical patients, 37,38 and 5 on psychiatric patients. [39] [40] [41] [42] [43] Two of these latter studies looked at patients receiving electroconvulsive therapy. 42, 43 A total of 1,365 cases of delirium were studied with 5,513 control subjects ( Table 1 ). The subjects in Marcantonio et al. 12, 23 and Koponen et al. [39] [40] [41] were counted only once because the same population of cases was analyzed looking at different risk factors. The number of delirium cases per study varied from 8 to 301 with a mean of 59. Age range was 50 to 97 with a mean of 75.7 years. Fifteen studies looked at incident cases, 5 at prevalent cases, and 7 at both. Most studies used the Diagnostic and Statistical Manual of Mental Disorders, third edition or third edition revised, for diagnostic criteria of delirium. Others used a combination of a structured interview and their own definition.
Study Quality
The intraclass correlation coefficient was 0.70 (95% confidence interval [CI] 0.51, 0.83). Most frequent discrepancies between authors were for criteria 2 and 3 (se- 5  4  4  4  4  4  3  3  3  2  2  2  2  2  2  2  60  50  25  50  25  25  67  0  33  100  50  50  0  0  50  0 lection process and adjustment for confounding factors), perhaps from lack of adequate specificity for these questions. The mean quality score of the 27 studies was 9.3 with a minimum of 5 and a maximum of 13. Ten studies scored in the 5-to 8-range, 14 in the 9-to 12-range and 3 in the 13-to 16-range.
Risk Factor Analysis
Sixty-one different risk factors were identified. Twentyseven were studied in two or more articles as illustrated in Table 2 . Thirty-four other risk factors were studied in only one article and will be mentioned in the text. The unadjusted OR for each study and the combined MantelHaenszel unadjusted OR 18 were calculated on 10 risk factors (Fig. 1, Table 3 ). Unadjusted here refers to an OR not corrected for other possible confounding or risk factors. Weighted averages of the unadjusted log ORs were also calculated using fixed and random effects models with (1) the inverse of the variance of the log OR as weight and (2) the quality score multiplied by the inverse of the variance as a weight to adjust for the effect of the study quality score on the overall combined estimate. 18 For each risk factor, a test of homogeneity of the log OR across studies was also performed (Table 3) . 18 The results of these different combining methods were very similar to the combined Mantel-Haenszel OR and for this are not reported here. All the statistical analyses were done with the SAS software for Windows version 6.12. The following descriptions combine the results of both the qualitative and quantitative analyses.
Demographics. Advanced age was significantly associated with the development of delirium. Male gender was found to be a risk factor in only four of nine studies, but the combined OR of 1.9 was statistically significant (95% CI 1.4, 2.6). Schor et al. 38 and Bergmann and Eastham, 31 respectively, found living in an institution and having little contract with relatives to be risk factors. Race, 34 marital status, 34 education, 26 and first language other than English 26 had no association.
Mental Status. Dementia was the most studied risk factor and the most strongly associated with delirium. Twelve of 15 studies showed a positive correlation. The cumulative OR was 5.2 (95% CI 4.2, 6.3). Clock-drawing abnormality, to a certain extent a reflection of cognitive impairment, also was shown in one study to predict development of delirium. 26 History of nocturnal confusion, 26 history of delirium, 13, 26 and a preoperative measure of anxiety 22 showed no association. Depression was found to have an association in only two of six studies, but the combined OR of 1.9 was statistically significant (95% CI 1.3, 2.6).
Medical Illness and Medications. Medical illness was the second most strongly associated risk factor with delirium development. Nine of 12 studies found an association. The statistical analysis, limited to four articles looking at severe illness, produced a combined OR of 3.8 (95% CI 2.2, 6.6). Medication use was the second most studied risk factor. Less than 50% (6 of 13 studies) found an association. Diverse measurement of this variable between studies limited the quantitative analysis to narcotics exposure, which produced a nonsignificant cumulative OR of 1.5 (95% CI 0.9, 2.3).
Physical Status. Fever and low blood pressure showed some association, whereas abnormal heart rate, 27 high blood pressure, 38 dyspnea, 27 and pain 38 did not. One study identified physical findings (enlarged liver and palpable bladder) as risk factors. 31 Both hearing and visual impairment were moderate risk factors and produced combined ORs of 1.9 (95% CI 1.4, 2.6) and 1.7 (95% CI 1.2, 2.3), respectively. Diminished activities of daily living (combined OR 2.5, 95% CI 1.4, 4.2) and decreased activity before surgery increased risk of delirium, but a history of falls did not. Most studies found no association between urinary or fecal incontinence and delirium. 26 Laboratory Findings. Of the 12 biochemical parameters studied, blood urea nitrogen/creatinine ratio and sodium or potassium abnormalities were significant risk factors most often. The sodium abnormality combined OR was 2.2 (95% CI 1.3, 4.0). Foy et al. 35 and Koponen et al. 41 provided isolated results of association for hypoxia and abnormal cerebrospinal fluid, respectively. Other electrolyte derangements and abnormal glucose or leukocytes demonstrated a weak association, whereas abnormal hemoglobin, albumin, 27 calcium, 13 liver function tests, 13 or presence of leukocytes in the urine 27 did not. Bergmann and Eastham found both abnormal electrocardiogram and chest x-ray findings to be risk factors, 31 but this finding was not reproduced by Jitapunkul et al. 27 Two studies of psychiatric patients noted structural brain abnormalities as risk factors 39, 42 ; however, history of cerebrovascular accident did not show such an association.
Surgery and Anaesthesia. Marcantonio et al. demonstrated
noncardiac thoracic surgery and aortic aneurysm surgery to be risk factors. 12 Fisher et al. found no difference between hip and knee surgery. 26 Other surgical risks were unplanned surgery 22 and low mobility after surgery. 25 Not shown to have an influence on the development of delirium were surgical technique, 19 number of previous surgeries, 26 time between surgeries, 19 type of anesthesia, 19 and surgery duration. 19 Furthermore, Schor et al. did not find surgery in itself a risk factor for their mixed medicalsurgical population. 37 Other Risk Factors. Alcohol abuse was identified as having a strong association, being positive in three of five studies and yielding a cumulative OR of 3.3 (95% CI 1.9, 5.5). Presence of a fracture at admission, 38 increased number of admissions in the previous 2 years, 27 and urgent admission 34 were all found to be risk factors. Neither type (unilateral vs bilateral) 43 nor number 42 of electrocon- Figure 1 . Individual and combined odds ratio analysis.
vulsive treatments was significant. Finally, presence of more orienting objects was surprisingly associated with delirium development. 32 
DISCUSSION
This review has limitations at several levels. First, a search involving different databases and the use of different key words might have resulted in a different group of articles, especially since delirium has often changed name over time. 44 Second, we tried to control for publication bias (i.e., the tendency for reports with positive findings to be published) by obtaining unpublished data; we had limited success with this. Nevertheless, we believe that most large studies represent enough investment to warrant some effort to publish, independent of results, and that most valid work is published. 45 Finally, more strict inclusion criteria, such as a minimum number of cases per study and specific definition of delirium, could have been used.
The generalizability of results as reported in Table 2 is limited by diverse methods for risk factor measurement, heterogeneous statistical analyses, and distinct patient populations found between studies. This also limited our quantitative analysis. For example, measurement of medication use varied from type to number or dose of medication. Thus, of 13 articles looking at this risk factor, only 2 presented data we could cumulate for a combined OR. Similarly measurement of medical illness varied from type to number or severity of medical illness. Thus, of 12 studies looking at this risk factor, only the 4 looking at severity of medical illness could be combined. Three of these four studies used the Charlson scale. 46 Dementia (structured instrument used in 11 of 12 studies combined), depression (Geriatric Depression Scale 47 used in 3 of 5 studies), abnormal sodium (set values in 2 of 2 studies), and activities of daily living (Katz scale 48 in 2 of 2 studies) were the best characterized risk factors in the quantitative analysis. In only one of three articles was a structured instrument present for analysis of alcohol abuse and visual or hearing impairment. Lack of a common definition for old age and measurement for blood urea nitrogen/creatinine ratio prevented quantitative analysis. Finally, authors of these studies may have preferably reported statistically significant risk factors, omitting to report risk factors with no significant associations. This raises the concern that specific unpublished results (even though the study is published) may be different from the published results for a given risk factor.
Oxman et al. 49 and Macarthur 15 stressed the importance of evaluating the quality of studies involved in reviews. As described above, we developed a scale to examine this (Appendix A). Agreement between the authors was good, but this scale could have taken into account the study design (e.g., prospective cohort vs case-control) and the type of cases studied (incident vs prevalent). Overall, study quality was moderate (mean ϭ 9.3/16). Only three studies scored above 13, and more than one third (37%) scored less than 9. Most frequent weaknesses were inadequate sample size necessary for significant association, lack of blind evaluation of risk factors, poor statistical analysis, and poor control of confounding factors. In any case, the calculation of the combined OR using the study quality score as a weighting factor did not change the results.
Despite the above methodologic weaknesses, some variables are convincing risk factors for delirium: for example, dementia and medical illness. The negative results of Figiel et al., 42 Fisher and Flowerdew, 26 and WilliamsRusso et al. 21 could be explained by the healthier and less-demented population they studied. Other probable risk factors include advanced age, abnormal blood urea nitrogen/creatinine ratio, abnormal sodium or potassium level, alcohol abuse, sensory impairment, and medications. The latter gains importance, particularly in the surgical group, if the three above-mentioned studies are excluded. Unfortunately, lack of systematized data for this risk factor precludes further analysis of hypothesized contributory drug effect, such as anticholinergic effect. 50 Other possible risk factors include male gender, depression, and low levels of activity. No conclusions can be drawn for a large number of risk factors studied. Analysis of risk factors by service yielded no marked differences. However, certain variables (medical illness, electrolyte abnormalities, sensory impairment) remain much less studied in surgical patients and require further examination. Because studies of prevalent cases could include variables that did not precede onset of delirium, we also analyzed the data by type of cases (incident or prevalent). There was no difference in either the qualitative or quantitative analysis. Levkoff et al., however, analyzed case subjects by their residency status (i.e., living in the community or in an institution). 2 They found no effect for advanced age, cognitive impairment, or illness severity in the institutionalized group, whereas analysis of the group as a whole had shown an association for these variables. 38 The following recommendations should be considered in new studies of risk factors for delirium: first, the eight criteria in Appendix A should be included in the study methodology; second, only incident cases, in which the risk factors can clearly be shown to have preceded the onset of delirium, should be included; third, risk factors should be examined by service (surgical, medical, or psychiatric).
To conclude, this review has attempted to identify risk factors for development of delirium in the elderly to better identify high-risk patients. Even with the methodologic limitations mentioned above, certain risk factors seem consistent. Some are fixed (age, gender, and dementia), but others are potentially modifiable (medical illness, biochemical abnormalities, and medication use) and could permit a clinical intervention to prevent development of this disorder. Certain risk factors (e.g., medication use) will require further study to better define their role. Clearly more research is needed. 
APPENDIX A
Scale to Assess Quality of Risk Factor Studies
